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Description 



PROBE DEVICE AND PROBE CARD USING 
THE SAME 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a probe device and probe 
card using the same, and more particularly to a probe de- 
vice and probe card capable of adjusting the probe pres- 
sure applied on an integrated circuit device under test by 
the probe and aligning the probe along the center line au- 
tomatically. 

[0002] Generally, it is necessary to test the electrical characteris- 
tic of integrated circuit devices on the wafer level for 
checking whether the integrated circuit device satisfies 
the product specification. Integrated circuit device with 
electrical characteristic satisfying the specification will be 
selected to carry on the subsequent packaging process, 
and the other devices will be discarded to avoid additional 
packaging cost. Another electrical property test will be 
performed on the integrated circuit device after the pack- 



aging process is completed to sieve out the disqualified 
devices to increase the product yield. 
[0003] There are two major types of probes according to the 

prior art, i.e., the cantilever probe and the vertical probe. 
The cantilever probe provides appropriate vertical dis- 
placement when the probe tip contacts an integrated cir- 
cuit device under test via a cantilever contact structure to 
prevent the integrated circuit device under test from ex- 
cessive probe pressure applied by the probe tip. However, 
the cantilever contact structure occupies a larger planar 
space in a matrix array probing, which constrains the can- 
tilever probe to be arranged in a fine pitch manner corre- 
sponding to the integrated circuit device under test with 
the high density of pin, therefore it cannot be applied to 
the testing of the integrated circuit device with high den- 
sity of pin. 

[0004] The vertical probe offers the vertical displacement re- 
quired by the probe tip to contact the integrated circuit 
device under test using the deformation of the probe body 
itself, and can be arranged in a fine pitch manner corre- 
sponding to the integrated circuit devices under test with 
high density of pin. However, if the deformation of the 
probe body is so large, adjacent probes may contact each 



other and causes short circuit or collision. 
[0005] us 5,914,613 discloses an elastic membrane testing mod- 
ule for testing electrical characteristic of the integrated 
circuit device. The elastic membrane testing module in- 
cludes several probes positioned on an elastomeric layer, 
and provides all probes a proper vertical moving displace- 
ment via the elastomeric layer to adjust a probe pressure, 
which is enough to scrape an oxide layer on the pad as 
each probe contacts the pad of the integrated circuit de- 
vice under test. However, the moving displacement pro- 
vided by the elastomeric layer cannot be self adjustable 
individually for each probe to conform with the irregulari- 
ties of testing pads or bumps, and thus cause the moving 
displacements are different from one to another; the 
moving displacement is larger at the center of the elas- 
tomeric layer and relatively smaller around the peripheral 
of the integrated circuit device. Consequently, the probe 
at the center may apply an excessive probe pressure to 
damage the pad, while the probe around the peripheral 
may not be enough to scrape the oxide layer on the pad. 
That is, the probes cannot scrape the oxide layer on the 
pad evenly and the impedances are different. Additionally, 
since the elastomeric layer is a multi-layer structure and 



consists of several materials, the thermal expansion coef- 
ficient difference between different materials limits appli- 
cation of the elastic membrane testing module in high 
temperature electrical property measurement. 
BRIEF SUMMARY OF THE INVENTION 

[0006] The objective of the present invention is to provide a 

probe device and probe card capable of self adjustable of 
each probe pressure applied on an integrated circuit de- 
vice under test by the probe and aligning the probe along 
the center line automatically. 

[0007] | n order to achieve the above-mentioned objective, and 

avoid the problems of the prior art, the present probe de- 
vice comprises an insulative body, at least one supporter 
positioned in the insulative body, a probe positioned sub- 
stantially at the center of the supporter, and a conductive 
wire positioned in the insulative body and electrically con- 
nected to the supporter. The supporter can be a helical 
spring, which connects to the probe with its inner end and 
to the insulative body with its outer end. In addition, the 
supporter can comprise a plurality of beams, which con- 
nects to the probe at one end and to the insulative body 
at the other end. The beams are positioned in a radial 
manner with the probe substantially at the center, and the 



included angle between two adjacent beams is substan- 
tially the same. The supporter can further comprise at 
least one ring connecting the beams. 

[0008] The probe card of the present invention comprises a cir- 
cuit board and a probe head. The circuit board comprises 
a plurality of test-connecting sites for connecting to a 
testing machine and a plurality of conductive paths posi- 
tioned in the circuit board for connecting the test- 
connecting site to the bottom surface of the circuit board 
electrically. The probe head comprises an insulative body, 
at least one supporter positioned in the insulative body, a 
probe positioned substantially at the center of the sup- 
porter, and a conductive wire positioned in the insulative 
body and electrically connected to the supporter. 

[0009] | n addition, the probe card of the present invention can 
comprise a circuit board, a probe head and an interface 
board connecting the circuit board and the probe head. 
The circuit board comprises at least one test-connecting 
site, while the probe head comprises an insulative body, 
at least one supporter positioned in the insulative body, a 
probe positioned substantially at the center of the sup- 
porter, and a conductive wire positioned in the insulative 
body and electrically connected to the supporter. The in- 



terface board comprises at least one first signal-con- 
necting site positioned on the upper surface for connect- 
ing to the signal-connecting site of the circuit board, and 
at least one second signal-connecting site positioned on 
the bottom surface for connecting to the conductive wire 
of the probe device. 
[0010] Compared with the prior art, the probe device of the 

present invention uses the supporter with vertical and lat- 
eral elasticity to support the probe for probing the inte- 
grated circuit device under test. The probe is so restricted 
by the lateral elasticity of the supporter that the probe is 
only allowed to move substantially in the vertical direction 
to avoid the lateral movement. Consequently, the present 
probe device enables the probe to align along the center 
line of the supporter automatically to ensure the lateral 
stability of the probe. In addition, the vertical elasticity of- 
fered by the supporter enables each probe of the probe 
head to move independently in the vertical direction to 
softly contact the pad of the integrated circuit device, and 
individually self-adjusts the probe pressure applied on the 
pad of the integrated circuit. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] other objectives and advantages of the present invention 



will become apparent upon reading the following descrip- 
tion and upon reference to the accompanying drawings in 
which: 

[0012] FIG. 1 illustrates a probe device according to the first em- 
bodiment of the present invention; 

[0013] FIG. 2(a) illustrates a probe device according to the second 
embodiment of the present invention; 

[0014] FIG. 2(b) illustrates a probe device according to the third 
embodiment of the present invention; 

[0015] FIG. 2(c) illustrates a probe device according to the fourth 
embodiment of the present invention; 

[0016] FIG. 3(a) illustrates a probe device according to the fifth 
embodiment of the present invention; 

[0017] FIG. 3(b) illustrates a probe device according to the sixth 
embodiment of the present invention; 

[0018] FIG. 4 illustrates a probe device according to the seventh 
embodiment of the present invention; 

[0019] FIG. 5 is a cross-sectional diagram of a probe card ac- 
cording to the first embodiment of the present invention; 

[0020] FIG. 6 is a top view of the probe card according to the first 
embodiment of the present invention; 

[0021] FIG. 7 is a schematic diagram of a probe head according 
to the first embodiment of the present invention; 



[0022] FIG. 8 is a schematic diagram showing the operation of 
the probe card according to the first embodiment of the 
present invention; 

[0023] FIG. 9 is a schematic diagram of a probe head according 
to the second embodiment of the present invention; 

[0024] FIG. 10 is a cross-sectional diagram of a probe card ac- 
cording to the second embodiment of the present inven- 
tion; 

[0025] FIG. 11 is a schematic diagram of a probe head according 
to the third embodiment of the present invention; 

[0026] FIG. 12 is a schematic diagram of a probe head according 
to the fourth embodiment of the present invention; and 

[0027] FIG. 13 is a schematic diagram of a probe head according 
to the fifth embodiment of the present invention. 
DETAILED DESCRIPTION 

[0028] FIG. 1 illustrates a probe device 10 according to the first 
embodiment of the present invention. As shown in FIG. 1, 
the probe device 10 comprises an insulative body 12 with 
a circular opening 14, two supporters 20 positioned in the 
opening 14, a probe 26 positioned in the supporter 20, 
and a first conductive wire 28 positioned in the insulative 
body 12 and electrically connected to the supporter 20. 
The supporter 20 is a helical spring with its inner end 22 



connected to the probe 26 and its outer end 24 connected 
to the insulative body 12. When the probe 26 deviates 
from the center of the supporter 20, the lateral elasticity 
of the helical spring will push the probe 26 back to central 
position automatically, i.e., the helical spring can limit and 
restrict the probe 26 to move substantially only in vertical 
direction to avoid the disadvantage caused by lateral 
movement of the probe as the prior art. 
[0029] Furthermore, when the probe tip of the probe 26 contacts 
an integrated circuit device under test, the vertical elastic- 
ity of the helical spring can automatically adjust the probe 
pressure applied by the probe 26 on the integrated circuit 
device. That is, since the present invention uses the elas- 
tic supporter 20 to support the probe 20, the contact be- 
tween the probe 26 and the integrated circuit device is a 
soft contact rather than a hard contact, which will damage 
the integrated circuit device. The probe 26 and the sup- 
porter 20 are made of an elastic and conductive material. 
Preferably, the probe 26 and the supporter 20 are made of 
a materials selected from the group consisting of copper, 
nickel, cobalt, tin, boron, phosphorous, chromium, tung- 
sten, molybdenum, bismuth, indium, cesium, antimony, 
gold, silver, rhodium, palladium, platinum, ruthenium and 



their alloys. An electric signal of the integrated circuit de- 
vice under test is acquired by the probe 26, and then out- 
puts via the supporter 20 and the first conductive wire 28 
outwards. 

[0030] FIG. 2(a) illustrates a probe device 40A according to the 

second embodiment of the present invention. As shown in 
FIG. 2(a), the probe device 40A comprises an insulative 
body 42 with a quadrangular opening 44, two supporters 
50A positioned in the opening 44, a probe 56 positioned 
in the supporter 50A, and an first conductive wire 58 po- 
sitioned in the insulative body 42 and electrically con- 
nected to the supporter 50A. The supporter 50A com- 
prises four beams 52 positioned in a radial manner with 
the probe 56 substantially at the center and the included 
angle between two adjacent beams 52 is the same, sub- 
stantially 90 degrees. That is, four beams 52 form a cross 
structure, while the probe 56 is located at the center of 
the cross structure. One end of the beam 52 is connected 
to the probe 56, the other end is connected to the insula- 
tive body 52, and one of the four beams 52 is connected 
to the first conductive wire 58 and the probe 56 electri- 
cally. 

[0031] FIG. 2(b) illustrates a probe device 40B according to the 



third embodiment of the present invention. Compared 
with FIG. 2(a), the supporter 50B of the probe device 40B 
shown in FIG. 2(b) consists of two types of beams: four 
beams 52 and four beams 54 arranged in an alternative 
manner. The included angle between the beam 52 and the 
beam 54 is substantially 45 degrees. One end of the first 
conductive wire 58 is connected to one of the beams 52 
electrically for transmitting test signal the probe 56, or 
transmitting the electric signal acquired by the probe 56 
from an integrated circuit device under test outwards. 
[0032] FIG. 2(c) illustrates a probe device 40C according to the 
third embodiment of the present invention. Compared 
with FIG. 2(a), the supporter 50C of the probe device 40C 
shown in FIG. 2(c) comprises an upper and a lower square 
helical springs. The inner end of the square helical spring 
is connected to the probe 56, and the outer end is con- 
nected to the insulative body 52. Preferably, the probe 56 
is located at the center of the square helical spring. The 
first conductive wire 58 is connected the outer end of up- 
per helical spring electrically for transmitting test signal to 
the probe 56, or transmitting the electric signal acquired 
by the probe 56 from an integrated circuit device under 
test outwards. 



[0033] FIG. 3(a) illustrates a probe device 60A according to the 
fifth embodiment of the present invention. As shown in 
FIG. 3(a), the probe device 60A comprises an insulative 
body 62 with a hexagonal opening 64, two supporters 
70A positioned in the opening 64, a probe 76 positioned 
in the supporter 70A, and a first conductive wire 78 posi- 
tioned in the insulative body 62 and electrically connected 
the supporter 70A. The supporter 70A comprises six 
beams 72 and two rings 74 connecting the four beams 
72. One end of the beam 72 is connected the probe 76, 
the other end is connected to the insulative body 62, and 
one of the beams 72 is connected to the first conductive 
wire 78 and the probe 76 electrically. The four beams 72 
are positioned in a radial manner with the probe 76 sub- 
stantially at the center, and the included angle between 
two adjacent beams 72 is the same, substantially 60 de- 
grees. 

[0034] FIG. 3(b) illustrates a probe device 60B according to the 
sixth embodiment of the present invention. Compared 
with FIG. 3(a), the supporter 70B of the probe device 60B 
shown in FIG. 3(b) comprises an upper and lower hexago- 
nal helical springs. The inner end of the hexagonal helical 
spring is connected to the probe 76, and the outer end is 



connected to the insulative body 72. Preferably, the probe 
76 is located at the center of the hexagonal helical spring. 
The first conductive wire 78 is connected the outer end of 
upper hexagonal helical spring electrically for transmitting 
test signal to the probe 76, or transmitting the electric 
signal acquired by the probe 76 from an integrated circuit 
device under test outwards. 
[0035] FIG. 4 illustrates a probe device 80 according to the sev- 
enth embodiment of the present invention. As shown in 
FIG. 4, the probe device 80 comprises an insulative body 
82 with a triangular opening 84, two supporters 90 posi- 
tioned in the opening 84, a probe 96 positioned in the 
supporter 90, and a first conductive wire 98 in the insula- 
tive body 82 and electrically connected to the supporter 
90. The supporter 90 comprises six beams 92 and two 
rings 94 connecting the six beams 92. One end of the 
beam 92 is connected the probe 96, the other end is con- 
nected to the insulative body 82, and one of the beams 92 
is connected to the first conductive wire 98 and the probe 
96 electrically. The six beams 92 are positioned in a radial 
manner with the probe 96 substantially at the center, and 
the included angle between two adjacent beams 92 is the 
same, substantially 120 degrees. 



[0036] FIG. 5 is a cross-sectional diagram of a probe card 100 
according to the first embodiment of the present inven- 
tion. The probe card 100 comprises a circuit board 110 
and a probe head 140. The circuit board 110 comprises a 
plurality of test-connecting sites 116 positioned on the 
upper surface 112 and a plurality of conductive paths 
118(See FIG. 8) in the circuit board 110. The plurality of 
test-connecting sites 116 are separated by a pitch 122 
and capable of connecting to a testing machine (not 
shown in FIG. 5), while the conductive path 118 electri- 
cally connects the test-connecting sites 116 to the bottom 
surface 114 of the circuit board 110 electrically. 

[0037] FIG. 6 is a top view of a probe head 140 according to the 
first embodiment of the present invention. As shown in 
FIG. 6, the probe head 140 comprises a plurality of probe 
devices 10 (as shown in FIG. 1), a plurality of pads 144 
and a plurality of conductive wires 146 (for clarity, only 
two conductive wires 146 are shown in FIG. 6) connecting 
the conductive wire 28 and the electrical pad 144 electri- 
cally. The arrangement of the plurality of probe devices 10 
is designed to configure to the pad 172 of the integrated 
circuit device 170. For example, the probe devices 10 are 
arranged in an array of 3x6, as shown in FIG. 7. 



[0038] FIG. 8 is a schematic diagram showing the operation of 
the probe card 100 according to the first embodiment of 
the present invention. As shown in FIG. 8, the circuit 
board 110 comprises four laminates 120, and the pitch of 
the conductive path 118 is shrunk from the upper surface 
112 to the lower surface 114 gradually. The location of 
the pad 144 of the probe head 140 corresponds to the 
conductive path 118 of the circuit board 110 so as to 
connect the conductive wire 28 of the probe device 10 
and the conductive path 118 of the circuit board 110 
electrically. The probe 26 of the probe head 140 is posi- 
tioned with a pitch 142, which corresponds to the pitch 
separating the pad 172 of the integrated circuit device 
170. The probe 26 uses the tip to contact the pad 172 
electrically so as to test the electrical characteristic of the 
integrated circuit device 170, and the tip is capable to 
pierce the oxide on the surface of the pad 172 on con- 
tacting the pad 172 to avoid measurement error originat- 
ing from the impedance of the oxide. 

[0039] FIG. 9 illustrates a probe head 150 according to the sec- 
ond embodiment of the present invention. As shown in 
FIG. 9, the probe head 150 comprises a plurality of probe 
devices 10 (as shown in FIG. 1), wherein each probe device 



10 further comprises a pad 30 electrically connected to 
the conductive wire 28. The location of the pad 30 is de- 
signed to configure to the lower surface 114 of conductive 
path 118 of the circuit board 110 (as shown in FIG. 8) so 
as to connect the conductive wire 28 and the conductive 
path 118 electrically. Compared with the probe head 140 
shown in FIG. 6, the probe head 150 obviously occupies a 
smaller space. 

[0040] FIG. 10 is a cross-sectional diagram of a probe card 200 
according to the second embodiment of the present in- 
vention. The probe card 200 comprises three major com- 
ponents; a printed circuit board 220, an interface board 
230, and a probe head 150 (shown in FIG. 9). The printed 
circuit board 220 comprises a plurality of test-connecting 
sites 222 and a plurality of conductive wires 224 connect- 
ing the test-connecting site 222 to a testing machine (not 
shown in FIG. 10). The interface board 230 comprises a 
plurality of first signal-connecting sites 234 positioned on 
the upper surface 232, and a plurality of second signal- 
connecting sites 238 positioned on the bottom surface 
236. The first signal-connecting sites 234 are separated 
by a pitch substantially the same as the pitch separating 
the test-connecting sites 222 of the print circuit board 



220, and the second signal-connecting sites 238 is sepa- 
rated by a pitch less than that separating the first signal- 
connecting sites 234. 
[0041] The position of the electrical pad 30 of the probe head 

150 (as shown in FIG. 9) corresponds to that of the second 
signal-connecting site 238 of the interface board 230 so 
as to connect the conductive wire 28 of the probe device 
10 and the second signal-connecting site 238 electrically. 
In yet another alternate embodiment, the probe card 200 
can replace the probe head 150 with the probe head 140 
shown in FIG. 6, wherein the position of the pad 144 of 
the probe head 140 (as shown in FIG. 8) corresponds to 
the second signal-connecting site 238 of the interface 
board 230 so as to connect the conductive wire 28 of the 
probe device 10 and the second signal-connecting site 
238 electrically. 

[0042] FIG. 11 illustrates a probe head 240 according to the third 
embodiment of the present invention. As shown in FIG. 
11, the probe head 240 comprises a plurality of probe de- 
vices 40A shown in FIG. 2(a), and the arrangement of the 
probe device 40A of the probe head 240 is designed to 
correspond to the pad of the integrated circuit device un- 
der test. In yet another alternate embodiment, the probe 



head 240 can consist of the probe device 40B shown in 
FIG. 2(b) or the probe device 40C in FIG. 2(c). The connec- 
tion of the probe head 240 and a circuit board can use the 
design as shown in FIG. 6 or FIG. 9 alternatively to connect 
the conductive wire 58 to the pad of the circuit board 
electrically. 

[0043] FIG. 12 illustrates a probe head 250 according to the 

fourth embodiment of the present invention. As shown in 
FIG. 12, the probe head 240 comprises a plurality of 
probe device 60A shown in FIG. 3(a), the arrangement of 
the probe device 60A of the probe head 250 is designed 
to correspond to the pad of the integrated circuit device 
under test. In yet another alternate embodiment, the 
probe head 250 can consist of the probe device 60B 
shown in FIG. 3(b), whose supporter 70B consists of two 
helical springs. The connection of the probe head 250 and 
a circuit board can use the design as shown in FIG. 6 or 
FIG. 9 alternatively to connect the conductive wire 78 to 
the pad of the circuit board electrically. 

[0044] FIG. 13 illustrates a probe head 260 according to the fifth 
embodiment of the present invention. As shown in FIG. 
12, the probe head 240 comprises a plurality of probe de- 
vices 80 shown in FIG. 4, and the arrangement of the 



probe device 80 of the probe head 260 is designed to 
correspond to the pad of the integrated circuit device un- 
der test. The connection of the probe head 260 and a cir- 
cuit board can use the design as shown in FIG. 6 or FIG. 9 
alternatively to connect the conductive wire 98 to the pad 
of the circuit board electrically. 

[0045] Compared with the prior art, the present invention pos- 
sesses the following advantages: 

[0046] The probe is so restricted by the lateral elasticity of the 

supporter that the probe is only allowed to move substan- 
tially in the vertical direction in order to avoid the lateral 
movement. Consequently, the present probe device en- 
ables the probe to align along the center line of the sup- 
porter automatically to ensure the lateral stability of the 
probe, and the probes of the probe head will neither con- 
tact with each other to cause short circuit nor generate an 
operational interference such as the collision. 

[0047] The vertical elasticity offered by the supporter allows each 
probe of the probe head to move independently in the 
vertical direction to compensate the horizontal height dif- 
ference between the pad of the integrated circuit device, 
and prevents the pad of the integrated circuit device from 
being damaged by the disproportionate probe pressure 



applied at the instance when the probe of the probe head 
contacts the pad. 

[0048] The vertical and lateral elasticity of the supporter can ab- 
sorb torsional stress and bending stress generated as the 
probe contacts the pad of the integrated circuit device to 
reduce fatigue and deformation of the probe. Therefore, 
compared with the vertical probe using the probe body 
deformation according to the prior art, the probe device 
of the present invention can prolong the probe life with 
the elasticity of the supporter. 

[0049] The elasticity of the supporter can be designed individu- 
ally; therefore, different probe pressure can be applied on 
the pad of the integrated circuit device by the probe of the 
probe head. For example, smaller probe pressure can be 
designed to apply on the pad around the peripheral of the 
integrated circuit device, while larger probe pressure can 
be applied at the central region to reduce unbalanced 
contact pressure between the probe and the integrated 
circuit device. 

[0050] The above-described embodiments of the present inven- 
tion are intended to be illustrative only. Numerous alter- 
native embodiments may be devised by those skilled in 
the art without departing from the scope of the following 



claims. 



